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(54) HIGH HEAT-RESISTANT FILM 

(57)Afastract: 

PROBLEM TO BE SOLVED: To provide a film which is composed of a thermoplastic liquid 

crystal polymer and has a high degree of heat resistance. 

SOLUTION: The film is formed of a thermoplastic polymer capable of forming an opticaily 
anisotropic molten phase and provided with heat treatment, and meets the relationships (1) and 
(2); (Ca-Cp)/Ca>0.7 and (Da-Dp)/Dp>0.005 when the de^-ee of crystallinity and density of the 
film before heat treatment are taken as Op and Dp, respectively, and the degree of crystallinity 
and density of the film after heat treatment are taken as Ca and Dp, respectively. 

* NOTICES * 

JPO and iNPIT are not rssponsibia for any 
damages caused by tha use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[GlaimCs)] 

[Claim 1]It is formed from thermoplastic polymer which can form a melt phase of optical 
anisotropy, A film with which it is a film it comes to give heat treatment to, and these are 
satisfied of the following expressions of relations (1) and (2) when a degree of crystallinity and 
density of a film after Gp, Dp, and heat treatment are set to Ca and Da for a degree of 
crystallinity and density of a film before heat treatment, respectively. 
(Ca-Cp) /Ca>=0.7 (1) 
(Da-Dp) /Dp>=0.005 (2) 

[Claim 2]The film according to claim 1 whose transmission rate of oxygen of a film after heat 
treatment and nitrogen is all below 40 cm^, 20 micrometer/m ^, and day-atm at 100 **. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[00013 

[Field of the Invention]This invention relates to the film which has the outstanding GASUBARIA 
nature in which It Is formed from the thermoplastic polymer (this is hereafter called a 
thermoplastic liquid crystal polymer for short) which can form the melt phase of optical 
anisotropy, and comes to ^ve heat treatment to. It has electric nature of outstanding low 
moisture absorption, heat resistance, chemical resistance and lower dielectric constant, and low 
dielectric loss, and heat resistance has thermoplastic high character, and since the gas-barrier 
film by this invention Is easy to process, it is useful as the circuit board of a semiconductor. Its 
sealing agent, etc. 
[0002] 

[Description of the Prior Artjgas-barrier ****** with advanced former and thermoplastic liquid 
crystal polymer — it not only has extremely low hygroscopicity, but in the characteristics, such 
as heat resistance, a high frequency characteristic, and chemical resistance, it is known rather 
than existing general-purpose resin that it is high definition. 

[0003]In recent years, the thermoplastic liquid crysta! polymer which has these outstanding 
features attracts attention as a useful material in electrical and electric equipment, the 
electronic field, etc., and is beginning to be produced commercially in part. As the example, 
electric electronic components, such as electronic circuit board materials, such as hermetic seal 
material of various gas and a flexible printed wiring board, a connector, and a socket, can be 
mentioned, and it is usually used with the gestalt of a film. The thing especially which water 
absorption is dramatically low as compared with other polymer, and Is excelled in moisture 
absorption dimensional stability in the electronic circuit board use, The features, like having the 
electrical property in which the dielectric constant and the dielectric dissipation factor were low 
excellent in especially the high frequency region, and heat lamination can be carried out with 
metal, such as copper foil, without using adheslves are harnessed. 
[0004] 

[Problem(s) to be Solved by the InventionjAs for a thermoplastic liquid crystal polymer, although 
it is effectively used in the above uses, when used under the harsh environments outside 
installation, for mount, etc., it is desirable to consider it as the mold goods which have advanced 
heat resistance. A deer is carried out, and this invention consists of thermoplastic liquid crystal 
polymers, and let it be SUBJECT to provide the film which has advanced heat resistance. 
[0005] 

[Means for Solving the Problem]According to this invention, above-mentioned SUBJECT is 
formed from a thermoplastic liquid crystal polymer, When it is a film it comes to give heat 
treatment to and a degree of crystallinity and density of a film after Cp, Dp, and heat treatment 
are set to Ca and Da for a degree of crystallinity and density of a film before heat treatment, 
respectively, It is solved by providing a film with which these are satisfied of the following 
expressions of relations (1) and (2). 
(Ga-Cp)/Ca>=0.7 (1) 
(Da-Dp) /Dp>=0.005 (2) 
[0006] 

[Embodiment of the Invention]Although the raw material in particular of the thermoplastic liquid 



crystal polymer film used for this invention is not limited, as the example, The publicly known 
thermotropic liquid crystal polyester led from the compound classified into (4) from (1) illustrated 
below and its derivative and thermotropic liquid crystal polyester amide can be mentioned. 
However, in order to obtain the polymer which can form the melt phase of anisotropy optically, it 
cannot be overemphasized that a suitable combination of a repeating unit is needed. 
[0007](1) Aromatic series or an aliphatic dihydroxy compound (the example of representation is 
referring to Table 1) 
[0008] 
[Table 1] 





HO-Q-OH 
X 






. HO-Q-Q-OH , 




)-OH(YW:-0-, "CRj^. -S-ft:fo3S), 




HO(CHi)^OH 





[0009](2) Aromatic series or aliphatic dicarboxylic acid (the example of representation is 

referring to Table 2) 

[0010] 

[Table2] 



HOOC-Q-COOH , 

HOOC 



H00C~Q-Q-C00H , HOOCmQ-O-Q-COOH , 
HOOC. 

HOOC-^-OCHiCHaO-Q-COOH , ^-COOH , 
HOOCCGHOnCOOH ( nH: 2 - l 2 OgJS ) 



t0011](3) Aromatic aromatic hydroxycarboxylic acid (the example of representation is referring 
to Table 3) 
[0012] 
[Table 3] 



O-Q-COOH 

X 

COOH 



HO 



[001 3](4) Aromatic diamine, aromatic hydroxyamine, or aromatic amlnocarboxylic acid (the 
example of representation is referring to Table 4) 

[0014] 

[Table 4] 



H2N-^NH2, HiN-Q-OH, HiN-Q-COOH 



[001 5]Copolymer (a) - (e) which has a structural unit shown in Table 5 as an example of 
representation of the thermoplastic liquid crystal polymer obtained from these raw material 
compounds can be mentioned. 
[0016] 
[Table 5] 



(a) -eoc-Q-co-5"eocHiCHjo^'eoc-0-o-^^a-&-fl! 



t-eoc-Q-co-i-eo-Q-NH-i' 



(e) -t-o-Q-coe-foc-Q-coe-to-^Q-O'^^ 

( YI1-0-, -CHi-, -S-ftifOS) 



[0017]As a thermoplastic liquid crystal polymer used for this invention, what especially has the 
melting point within the limits of about 250 - 350 ** of abbreviation is [ within the limits of about 
200 - 400 ** of abbreviation ] preferred. 

[0018]The thermoplastic liquid crystal polymer film used for this invention is obtained by carrying 
out extrusion molding of the thermoplastic liquid crystal polymer. Although arbitrary extrusion 



methods are used for this purpose, the well-known T-die film production extending method, the 
lamination object extending method, a tubular film process, etc. are industrially advantageous. 
Especially in the lamination object extending method or a tubular film process. Since stress is 
applied not only to the direction of a mechanical shaft of a film (it abbreviates to MD directions 
hereafter) but to the transverse direction (it abbreviates to a TD direction hereafter) which 
intersects perpendicularly with this, the film which the balance of the mechanical properties 
between MD directions and a TD direction and a thermal property was able to take can be 
obtained. Especially, the balance of the mechanical properties [ molecular orientation degree / 
SOR / thermoplastic liquid crystal polymer film / 1.3 or less ] between MD directions and a TD 
direction and a thermal property is good. 

[0019]Here, it is the value which said the index which gives the degree of molecular orientation 
and took objective thickness Into consideration unlike the conventional MOR (Molecular 
Orientation Ratio) in the molecular orientation degree SOR (Segment Orientation Ratio). The 
calculating method of the above-mentioned molecular orientation degree SOR is explained below. 

[0020]First, in well-known microwave molecular orientation deg-ee measuring apparatus, a 
thermoplastic liquid crystal polymer film is inserted Into a microwave resonance waveguide so 
that a film plane may become vertical in the direction of movement of microwave, and the 
electric field strength (microwave transmission intensity) of the microwave which penetrated this 
film is measured. And based on this measured value, m value (a refractive index Is called) is 
computed by a following formula. 
m=(Zo/**z) x [1-numax /nuo] 

However, when a device constant and **z change objective average thickness and, as for Zo, 
numax changes the pitch of microwave, the pitch which gives the maximum microwave 
transmission intensity, and nuo are pitch which gives the maximum microwave transmission 
intensity at the time of average thickness zero (namely, when there is no object). 
[0021]Next, the vibrating direction of microwave when the angle of rotation of the object to the 
vibrating direction of microwave is 0 degree that is, An objective molecule is the direction which 
orientation is improved most, m value in case ttiq and an angle of rotation are 90 degrees about 
m value when the direction which ^ves the minimum microwave transmission intensity has 
agreed is made into m^Q, and the molecular orientation degree SOR is computed by mp/rngQ. 
[0022]The above-mentioned molecular orientation degree SOR 1.3 or less thermoplastic liquid 
crystal polymer film. Since the balance of the mechanical properties in the above-mentioned MD 
directions and a TD direction and a thermal property is good, since it is not restrained by 
direction (the direction in every direction) of a film from the isotropic character of a film, the 
flexibility of a design of a printed circuit becomes large, and practicality is higher. When using it 
for the precise circuit board which needs to abolish the curvature at the time of heating, it is 
desirable that it is 0.9<=SOR<=1.03. 

[00233Although the thing of arbitrary thickness may be sufficient as the thermoplastic liquid 
crystal polymer film used in this invention and it also includes the thing of 1 mm or less of 
tabular or a sheet shaped, it is preferred that it is the thickness within the limits of 10-150 
micrometers, and it is more preferred that it is the thickness within the limits which are 15-75 
micrometers. It can also be considered as the thing of the thickness which is made to laminate 
two or more films of the 1 0-1 50-micrometer-thick range, and is considered as a request. 
[0024]Heat treatment is performed to the thermoplastic liquid crystal polymer film manufactured 
by the above-mentioned method, and it is made it with the film of high heat resistance. As for 
the temperature of heat treatment, it is preferred to carry out within the limits of a temperature 
higher 5 ** than the melting point from a temperature lower 20 ** than the melting point of the 
thermoplastic liquid crystal polymer which constitutes a film. As for the time of heat treatment, it 
is preferred that it is 5 hours or more. By heat-treating under such conditions, a degree of 
crystailinity and density are fully raised and the film which has advanced heat resistance can be 
obtained simple. Heat treatment temperature may be held to a fixed temperature through 
between heat treatments, and may be suitably changed according to time. 



[0025]Heat treatment can be carried out using a hot air drying furnace, a ceramic heater, heat 
pressing, etc., for example. It may carry out fay being immersed into heat carriers, such as oil. 
[0026]Heat treatment may be carried out to an independent film and a thermoplastic liquid 
crystal polymer film may be carried out in the state where the base material was made to 
contact. When using a base material, a base material may be contacted on one side of a film, and 
a base material may be contacted to both sides of a thermoplastic liquid crystal polymer film. A 
base material may cover the whole surface of a film and may be contacted to a part. As a base 
material, what consists of high-heat-resistance resin, such as mineral matter; polyimide, such as 
metal; glass, such as copper, stiver, gold, iron, nickel, and aluminum, etc. can be illustrated. A 
planate thing is preferred although there Is no restriction In particular as shape of a base 
material. A base material is separated from a thermoplastic liquid crystal polymer film by request 
after heat treatment. 

[0027]A!though the above-mentioned heat treatment can also be carried out under activity 
atmosphere lii<e [ in the atmosphere ], it is desirable to carry out under an inert atmosphere. An 
inert atmosphere means the inside of inactive gas, such as nitrogen and argon, or the bottom of 
decompression, and it says that activated gas, such as oxygen, is below 0.1 volume %. Especially 
as inactive gas, the heating nitrogen gas of not less than 99.9% of purity is used suitably. 
[0028]A degree of crystallinity and density are raised by heat treatment which the film of this 
invention described above, The expression of relations (1) and (2) with which these described 
above the degree of crystallinity and density of the film after heat treatment when the degree of 
crystallinity and density of a film after Cp and Dp, and heat treatment were set to Ca and Da, 
respectively is satisfied. The degree of crystallinity of a film is a parameter computed based on 
the diffraction intensity curve produced by wide angle X-ray analysis analyzing a thermoplastic 
liquid crystal polymer film. The improvement in a degree of crystallinity supports that the higher 
order structure of a film increases, and contributes to heat-resistant improvement. The film of 
this invention requires that a degree of crystallinity should increase as shown in an expression of 
relations (1). In the physical properties under an elevated temperature, for example, 100 **, when 
there is less rate of increase of a degree of crystallinity than the range shown with an 
expression of relations (1), the fall of gas barrier property is seen. 

[0029]The film of this invention requires that density should increase as shown in an expression 
of relations (2). The improvement in density supports reduction of the three-dimensional interval 
of that the higher order structure of a film increases, and thermoplastic liquid crystal polymer 
molecules, and contributes to heat-resistant improvement. In the physical properties under an 
elevated temperature, for example, 100 **, when there is less rate of increase of density than 
the range shown with an expression of relations (2), the fall of gas barrier property is seen. 
[0030]In the case of the film (mold goods) which consists of common organic polymer, it is 
known that gas permeation speed becomes large, so that the size of the molecule of gas is small, 
and gas permeation speed will become small, so that the interval of the molecules which 
constitute polymer is narrow. Since gas permeation speed also becomes large since the 
molecular motion of gas becomes intense so that temperature is high, and the interval of the 
molecules of polymer becomes large by thermal agitation, it becomes easy to penetrate a gas 
molecule. 

[0031]ThQ transmission rate of oxygen in the film after heat treatment and nitrogen the 
thermoplastic liquid crystal polymer film of this Invention, Each has the advanced gas barrier 
property of below 40-cm3.20 micrometer/m 2 and day-atm at 1 00 **, and it is useful especially 
in the use as which tiie gas cutoff under an elevated temperature is required. Specifically, It is 
useful as the circuit board for semiconductor mounting the use under an elevated temperature is 
assumed to be. 
[0032] 

[Example]Hereafter, although an example explains this Invention in detail, this invention is not 
limited at al! by these examples. The gas-barrier ** heat resistance, the degree of crystallinity, 
and density of the film were measured by the following methods. 

(a) The room temperature of gas-barrier oxygen and nitrogen or the transmissivity at 100 ** was 
measured according to the method of JIS K7126. 



(b) The heat-resistant film was judged in size of 3 cm x 3 cm, it settled for 1 minute on the 
solder heated to a predetermined temperature, and the state of the film was observed visually. 
Change and the swelling temperature by which modification begins to be observed of hue were 
recorded as a heat-resistant index. It excels in heat resistance, so that this temperature is high. 

(c) Using degree-of-crystallinity wide angle X-ray diffractometer, it asked for ail the scattering 
intensity curves of the X-rays of a film, and asked for total (S1) of the peak area. Subsequently, 
by heating a film more than the melting point and quenching it, it was considered as amorphous 
state, asked for all the scattering Intensity curves of X-rays like the above, and asked for total 
(S2) of the peak area. From these values, the degree of crystailinity was computed according to 
the following formulas. 

(S1-S2)/S1 x100(%) 

(d) Make the density gradient tube which gave the density gradient of density chloroform and a 
carbon tetrachloride immerse a film, and measure the height which sedimented. The density of 
the film was computed in the unit of 1/100 from the height of the analytical curve acquired from 
the height of the normal density bail, and a film. 

[0033]By the copolymer of reference example para-hydroxybenzoic acid and 6-hydroxy-2- 
naphthoic acid, the melting point carried out inflation film production of the thermoplastic liquid 
crystal polymer which Is 280 ** at 20kg/o'clock of discharge quantity on conditions 2.09 times 
the vertical draw magnification [ one 4.77 times the lateral orientation magnification / melt 
extruding and / of this, and ] of this. Average thickness obtained 50 micrometers, thickness 
distribution obtained and the molecular orientation degree SOR obtained the film of 1.05. 
Let this thermoplastic liquid crystal polymer film be the film A. 

[0034]It took out, after settling the film A obtained by example 1 reference example Into 260 ** 
hot air drying equipment and holding it for 6 hours. The evaluation result of the obtained film is 

shown in Table 6. 

[00353lt took out, after holding the film A obtained by example 2 reference example in 260 ** hot 
air drying equipment for 4 hours, carrying out temperature up of the temperature of a dryer to 
285 ** and holding it for 4 hours. The evaluation result of the obtained film is shown in Table 6. 
[0036]It evaluated without heat-treating the film A obtained by comparative example 1 reference 
example. The evaluation result of the obtained film is shown in Table 6. 

[0037]It took out, after holding the film A obtained by comparative example 2 reference example 
in 200 ** hot air drying equipment for 1 hour. The evaluation result of the obtained film is shown 
in Table 6. 

[0038]It took out, after holding the film A obtained by comparative example 3 reference example 
in 280 ** hot air drying equipment for 1 hour. The evaluation result of the obtained film is shown 
in Table 6. 

[0039]It took out, after holding the film A obtained by comparative example 4 reference example 
for 5 minutes in 300 ** hot air drying equipment. The evaluation result of the obtained film is 
shown in Table 6. 



[0040] 
[Table 6] 
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[0041]from the result of Table 6, the degree of gas permeation of oxygen or nitrogen also sets 
the film of this invention obtained in Examples 1 and 2 under an elevated temperature as 
compared with the film obtained by the comparative examples 1-4 ~ a considerable grade — it 
is low and solder heat resistance is also improving. 
It turns out that it has advanced heat resistance. 



[0042] 

[Effect of the Invention]According to this invention, it is formed from a thermoplastic liquid 
crystal polymer, and the film which has advanced heat resistance is provided. 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



WRITTEN AMENDMENT 



[Written amendment] 

[Filing date]April 3, Heisei 14 (2002.4.3) 

[Amendment 1] 

[Document to be Am6nded]Speciftcation 
[Item(s) to be Amended]Claim 1 
[Method of Amendment]Change 
[Proposed Amendment] 

[Claim 1]!t is formed from thermoplastic polymer which can form a melt phase of optical 
anisotropy, A film with which it is a film it comes to give heat treatment to, and these are 
satisfied of the following expressions of relations (1) and (2) when a deg'ee of crystallinity and 
density of a film after Cp, Dp, and heat treatment are set to Ca and Da for a degree of 
crystaliinity and density of a film before heat treatment, respectively. 
(Ga-Gp) /Ce>=0.7 (1) 
(Da-Dp) /Dp>=0.005 (2) 
[The amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0005 
[Method of AmendmentJChange 
[Proposed Amendment] 
[0005] 

[Means for Solving the Problem]According to this invention, above-mentioned SUBJECT is 
formed from a thermoplastic liquid crystal polymer, When it is a film it comes to give heat 
treatment to and a degree of crystallinity and density of a film after Cp, Dp, and heat treatment 
are set to Ca and Da for a degree of crystallinity and density of a film before heat treatment, 
respectively. It is solved by providing a film with which these are satisfied of the following 
expressions of relations (1) and (2), 
(Ga-Gp) — /Ce>=0.7 (1) 
(Da-Dp) ~ /Dp>=0.005 (2) 
[Amendment 3] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0028 
[Method of Amendment]Change 



[Proposed Amendment] 

[0028]A degree of crystallinity and density are raised by heat treatment which the film of this 
invention described above, The expression of relations (1) and (2) with which these described 
above the de^-ee of crystallinity and density of the film before heat treatment w hen the degree 
of crystallinity and density of a film after Cp and Dp, and heat treatment were set to Ca and Da, 
respectively is satisfied. The degree of crystallinity of a film is a parameter computed based on 
the diffraction intensity curve produced by wide angle X-ray analysis analyzing a thermoplastic 
liquid crystal polymer film. The improvement in a degree of crystallinity supports that the higher 
order structure of a film increases, and contributes to heat-resistant improvement. The film of 
this invention requires that a degree of crystallinity should increase as shown in an expression of 
relations (1). in the physical properties under an elevated temperature, for example, 100 **, when 
there is less rate of increase of a degree of crystallinity than the range shown with an 
expression of relations (1), the fall of gas barrier property is seen. 
[Amendment 4] 

[Document to be Amended]Specificatlon 
[Item(s) to be Amended]0031 
[Method of Amendment]Change 
[Proposed Amendment] 

[0031 ]The transmission rate of oxygen in the film after heat treatment and nitrogen the 
thermoplastic liquid crystal polymer film of this invention, Each has the advanced gas barrier 
property of below 40 cm-, 20 micrometer/m and day-atm a t 100 **, and it is useful especially 
in the use as which the gas cutoff under an elevated temperature is required. Specifically, it is 
useful as the circuit board for semiconductor mounting Uie use under an elevated temperature is 
assumed to be. 



[Translation done.] 
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